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Introduction

This Postflight Document Preparation Guide will be distributed to all Principal Investigators of NASA KSC-
sponsored flight research. The purpose of this guide is to provide the required research repopiaigs,
instructions and examples, and other related forms for the Preliminary Accomplishments Report and the
Final Research Report; these repavih be collected at the intervals of 60 days and one year postflight,
respectively. The reports should include results from all portions ofinfestigations, i.e.preflight,

inflight, and postflight results.

The Preliminary Accomplishments Report template and the Final Research Report template are included in
this guide. Each template represents i@eimum amount of information requested BIASA at the
specified interval. Additional information may be included,nasessary, to ensure completeness. An
electronic copy of each template is available by contacting KSC’s Payload Mission Manadeffieat

Please specify whether PC or Macintosh format is desired.

Capturing thisinformation in a structured format enablBBASA to do several things: (1) identify any
complications that Pls may have d@fbtaining data, (2) obtain amn-going status of research results, and
ultimately to obtain a report of final research results requiredNA$A, and (3) add this data to thefe
Sciences Data Archive (LSDA)

An Example Report is also included to demonstrate the use and content of the templates. Ple¢lase note
this example does not represent one investigation, but is a collection of excerpts from ganlsted
reports.

A Report Template Checklist is included to assist you in determining the informahamh goes intoeach
type of report.

The Overdue Report Notice is intended for use only in the case that a report cannot be submitted by the
specified due date. The notice should be submitted prior to or withinveek after thedeadline. A
reasonable explanation and expected due date must be included in this Notice.

The Evaluation Form is provided as a method of Pl-provided feedback about the report teammées
the reporting process. Suggestions and commentswaleome and may be submitted at atge.
Feedbackwill be used in the future to besiccommodate the reporting of research and to provide any
needed improvements to the reporting process.

Some common, or frequentigsked, questions about postfligigporting are provided tassistyou in the

reporting process. Please feel free to contact Bliaese in thePayload Mission Management Group at
(407) 853-7701.

DRAFT PAGE 4



Postflight Document Preparation Guide

Section Il.
Report Templates
and Guidelines

DRAFT



Preliminary Accomplishments Report Template

The Preliminary Accomplishments Report focuses on the state of data analysis, and oprertdteonal
aspects of thexperiment's flight. It is prepared 60 days post-flight atidws NASA to determine the
status of the research. Its purpose is to determine ifwkadable to be collected, whethervasproperly
received, and to assess the quality of the data

Please follow the outline below, providing all information in each section; additional sections naalgd de

if needed. Font format must be Times 11, single spaced. A title page is mandatory, and should include the
following information: full titte and NASA ID of the investigation, alongvith any acronyms or
abbreviations of the investigation title; Principal Investigator & Institution; Co-I(s) & Institution(s); Co-
Author(s) (optional); and Technicahssistant(s)(optional). NASA requires that this report and any
attachments (photos, tables, graphs, figures, etcgubaitted in paper copy format agll aselectronic
format. Electronic copies can either be stored on disk and maitadhe hard copy or sentia e-nmil.

The text of the report must be submitted as a Microsoft Word document. Tables, figures andshmapts

be submitted as one of the following: (1) a Microsoft Word document, (2) in Microsoft Excel, , or (3) in the
.TIFF image format. You are free to add any additional sections to this outline which would be useful for
your report.

l. Introduction
A. Hypothesis (One or two sentences)
B. Objectives of Investigation
C. Background/History of Project (Optional)

I. Methods and Protocols

A. Discussion of Method/Protocol
Discuss themethodologyand/or protocol for the investigation fétre-, In- Postflight andsround
Based control activities and Postflight activities.

B. Methods/Research Operations
List all methods and/or operations used Pre-, In- and Postflight for this investigation. Discuss
methods used for ground based controls.

C. List of All Hardware Items Used

Include a list of all hardware used Pre-, In- and Postflight for this investigation. Be as specific as
possible. Make sure aistinguish between Pl-provided and NASA-provided hardware items. If the
hardware usedavas different from the hardware thavas originally scheduled to be used, please
indicate this.

M. Results

A. Completeness/Quality of Data
Include any discussion pertinent to incomplete data. Include a discussion about any anomalies that
occurred that prevented the PI from meeting the objectives of the experiment

B. Photographs

Please enclose negatives, hardcopies or electronic copies (.tiff, .gif, .jpg, .jpeg) phaographs you
have ofyour experiment. If theghotographsare already NASA-numbered, please includésaof
NASA numbers, and thehotographswill be obtained from the NASAphoto lab. “Non-NASA"
photographs are of particular interest. Examples includehotographs taken during the
preflight/postflight periods and trainingessionsphotographs of experimerntardware, etc. Please
provide a brief caption for eacphotograph. If you wuld like the photographs and/onegatives
returned to you, please indicate this; they will be scanned and returned promptly.

NASA-numbered photographs:

S97-12345
STS78-34-456
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Photos enclosed:

1. Rick Linnehan training on the Torque Velocitpynamometer
preflight in the PI's laboratory - hardcopy format

2. Susan Helm training on EO030 - electronic format - helIm030.gif

C. Status of Data Analysis

D. Preliminary Research Findings

Discussion of the findings of this investigatiamcluding any tables, chartsand graphs used for
analysis. Attach paper copies and include electronic copies of any reldahids, graphs and
figures. Include an explanation of all tables, graphs and figures which are attached. ficables,

and graphs should be submitted (1) as part of the Microsoft Word document, or (2&rosdft

Excel, or (3) in the .TIFF image format. If tabléigures and graphs are submitted external to the
document (ie, Microsoft Excel or TIFF Images) please include an index of filenames for each titled
item.

E. Conclusion (Optional)

V. Bibliography
List publications (published or in press) pertinent to your investigation.

Please feel free to add any additional sections into this outline which you feel would be useful for your report.

NOTE: This report is paired with a hardware and operations performance report prepared by the Payload
Mission Management (PMM) engineer before delivery to NASA HQ.
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Final Research Report Template and Guidelines

One year post-flight the Principal Investigator is responsible for delivering a Final Research Report and all
of the experiment data (raw and processed) to NASA. The Final Research Report templateilbaksmst

the investigator in preparing thEinal Research Report. Guidelines and instructions doeparing
experiment data for delivery tNNASA are addressed in th#®ata PreparationHandbook” (copies are
available through the PMM office) :

Please follow the outline below, providing all information in each section; additional sections naalg de

if needed. Font format must be Times 11, single spaced. A title page is mandatory, and should include the
following information: full titte and NASA ID of the investigation, alongvith any acronyms or
abbreviations of the investigation title; Principal Investigator & Institution; Co-I(s) & Institution(s); Co-
Author(s) (optional); and Technicahssistant(s)(optional). NASA requires that this report and any
attachments (photos, tables, graphs, figures, etcgubmitted in paper copy format asll aselectronic
format. Electronic copies can either be stored on disk and maitedhe hard copy or senia e-mail.

The text of the report must be submitted as a Microsoft Word document. Tables, figures andshapts

be submitted as one of the following: (1) a Microsoft Word document, (2) in Microsoft Excel, , or (3) in the
.TIFF image format. You are free to add any additional sections to this outline which would be useful for
your report.

l. Executive Summary
This is a top level summary of your experiment and will be used for describing your experiment in
the Life Science Data Archive. It is a self contained description and should not ref¢neto
portions of the report. It should contain one to three paragraphs for each of these sections:
A. Objectives
B. Approach
C. Results

Il. Introduction
A. Hypothesis(One or two sentences)
B. Objectives of Investigation
C. Background/History of Project (Optional)

M. Methods and Protocols

A. Discussion of Method/Protocol
Discuss the methodology and/or protocol for the investigation for Pre-, In- Postflight and Ground
Based Control activities and Postflight activities

B. Methods/Research Operations
List all methods and/or operations used Pre-, In- and Postflight for this investigation. Discuss
methods used for ground based controls.

C. List Hardware Items Used

Include a list of hardware used Pre-, In- and Postflight for this investigation. Be as specific as
possible. Make sure talistinguish between Pl-provided and NASA-provided hardware items. If the
hardware used was different from the hardware that was originally scheduled to be used, please
indicate this.

V. Results

A. Completeness/Quality of Data
Include any discussion pertinent to incomplete data. Include a discussion about any anomalies that
occurred that prevented the Pl from meeting the objectives of the experiment

B. Photographs

Please enclose negatives, hardcopies or electronic copies (.tiff, .gif, .jpg, .jpeg) phaographs you
have ofyour experiment. If thehotographsare already NASA-numbered, please includésaof
NASA numbers, and the@hotographswill be obtained from the NASAphoto lab. “Non-NASA”
photographs are of particular interest. Examples includehotographs taken during the
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V.

preflight/postflight periods and trainingessionsphotographs of experimentardware, etc. Please
provide a brief caption for eacphotograph. If you wuld like the photographs and/onegatives
returned to you, please indicate this; they will be scanned and returned promptly.

C. Final Research Findings

Discussion of the findings of this investigationcluding any tables, chartsand graphs used for
analysis. Attach paper copies and include electronic copies of any reléafales,graphs andigures.
Include an explanation of all tables, graphs and figures which are attached. Tables, figugeapaisd
should be submitted (1) as part of the Microsoft Word document, or (2) in Microsoft Excel, or (3) in
the .TIFF image format. Ifables,figures and graphs are submitted external to the docurtient
Microsoft Excel or TIFF Images), please include an index of flenames for each titled item.

D. Conclusion
E. Status of Data Analysis - Further Research Plans

F. Investigation Applications -How can this knowledge be applied on Earth?

Bibliography
List publications (published or in press) pertinent to your investigation.

Please feel free to add any additional sections into this outline which you feel would be useful for your report.

DRAFT PAGE 9



Postflight Document Preparation Guide

Section Ill.
Report Template Checklist

DRAFT



Report Template Checklist

Preliminary Final
Accomplishments Research
Report Report

Executive Summary

Objectives R

Approach R

Results R
Introduction

Hypothesis R R

Objectives of Investigation R R

Background/History of Project @] @]
Methods and Protocols

Discussion of Method/Protocol R R

Methods/Research Operations R R

List of All Hardware Items Used R R
Results

Completeness/Quality of Data R R

Photographs R R

Status of Data Analysis R R

Preliminary Research Findings R

Final Research Findings R

Conclusion @] R

Investigation Applications R
Bibliography R R

O = Optional R = Required
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Overdue Report Notice

This form is to be used to provide an explanation of a missed deadline for any of the two Reports. The
Overdue Report Notice must be properly submifigdr to the report due date.

Date:

Pl Name:

Investigation Title/ID:

Overdue report (indicate one):

* Preliminary Accomplishments Report
¢ Final Research Report

Reason for overdue report:

Status of report preparation:

Status of data analysis:

Completeness of data:

Quality of data:

Report Deadline:

Expected Completion Date: (not to exceed 60 days from the original deadline)

The above information is true and accurate to the best of my knowledge. | understand theatplaining
my inability to complete the report by the specified deadline and am estimating the date by which | can
complete the report required by NASA, which should be no more than 60 days from the alézdiihe.
Failure to comply may result in being blocked from participation in further NASA-sponsored research.

Pl Signature: Date:
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Research Report Template Evaluation Form

Investigators: Atthe end of each postflight reporting interval, please take a few minutes to complete the
following evaluation at so that we may better assist you in reporting your research in the future. Thank
you.

How helpful was the template in assisting you to report your research?

Did you like or dislike having a template to follow to report your research, and why?

Were any specific parts of the template unclear to you? If so, define which part and exactly how it was

unclear.

What changes could be made to the template to better assist you?

Did you use the Overdue Report Notice? If yes, do you have any comments about it?

Any other comments:
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Frequently Asked Questions on Postflight Document Preparation

Can several investigators submit separate reports that can be compiled into a single experiment report?
No. Each experiment should subnaibly onecomprehensive report at 60 days and 1 year following
completion of the mission. If multiple investigators work on one experiment, then they should sabmit
one combined report.

If data are not received immediatelyafter the Shuttle returns, are Pls still required to submit reports

exactly 60 days or one year after the Shuttle lands?

No. Technically, the postflight reports are due 60 days and onefteadata are receivetly the PlIs. The
submittal of reports will obviously vargiepending on each PI's experience. Inage where data are not
received immediately or soon after landing, you should submit the Overdue Report Notice detailing when
data were received so that the deadline can be adjusted to reflect data receipt.

What is the difference between thePreliminary Accomplishments Report and the Final Research
Report?

The postflight report templatesere designed by NASA tadocument the cumulative progress made in
postflight data collection and analysis for each NA®geriment. The Final Research Repwilt differ
from the Preliminary Accomplishments Report in both tbeel of detailand the completeness of the
analysis. The Final Research Report must include a more deRekadts section (see Section IV in the
template)with emphasis on the experimergsults,conclusions about the research, and poterieith-
based applications of the research.

How does the Life Sciences Data Archive (LSDA) relate to postflight reporting?

The LSDA was created in direct response to a congressional mandate. Its main objective is to archive and
distribute results of life sciences research sponsored byN#&k®A Life and Biomedical Sciences and
Applications Division. The LSDAwascreated; (1) to increase the effectiveness of space life scidatas
management in order to maximize the science output from thmessions, (2) to provide a&entral
repository of space life sciences data, (3) to provide researchers, educators, students and theubBoeral

with better access to life sciences information and results, and (4) to provide access to diafarearadion

for future experiment planning and retrospective data analysis. After data has resided solely with the PI for
one year, it will become part of the LSDA and will be archived in the LSDA. A directory or cataldgtaf

from multiple life sciences missions is available on the Intern&t the World Wide Web
(http://Isda.jsc.nasa.gov.) NASA has tried to streamline archiving efforts by asking PI's to report in the
postflight reports information pertinent to the LSDA. The intent is to minimize the number of requests
from NASA for information and data.

Will my report be put on the Internet?

Yes. Users of the LSDA system will be able to obtain a copy of your report via the Internet. This will occur
only after NASA becomes thowner” of the data, which is one year after data are received by the Pls.
The report may either be downloaded from the Internet, or users will be able to order it via the Internet.
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Example - Final Research Report
The following is a detailed example containing excerpts from an actual research report. Siegartigte
was written prior to théPostflight Document PreparatioBuide” it has been modified from therignal
format to demonstrate the Final Report format outlined in this Guide. Also the following sections have
been added by the author of the “Postflight Document Preparation Guide”:
I. Exectutive Summary
(Please note that the Executive Summary is from the “Life 8pace: Life Sciences Experimenfis991-
1995.7)
IV. B. Photographs

IV. G. Investigation Applications
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Investigation of Wheat Coleoptile Response to
Phototropic Stimulations

Investigation: FOTRAN (178054)

Principal Investigator: David G. Heathcote

Co-Investigators: Allan H. Brown, and David K. Chapman

Organization:
University City Science Center
3401 Market Street, Suite 300

Philadelphia, PA 19104

Date of Submission:
January 31, 1993
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|. Executive Summary

Objectives

The objective of the FOTRAN experiment was to determine the time course of plant seedling curvature
induced by phototropic stimulations in a microgravity environment. The experiment was designed to
provide data on discrete physiological responses of growing wheat coleoptiles and the effect of
microgravity in modifying these responses. Before the flight, four null hypothesis were proposed. These
were: 1) seedling curvature (following a photostimulus) proceeds at the same rate and in the same direction
in microgravity as in unit gravity, 2) the extent of seedling curvature is the same in microgravity as in unit
gravity, 3) the seedling curvature does not exhibit reversal (autotropism) or lead to oscillations
(circumnutation), and 4) the phototropic dose-response relationship is the same in microgravity as in unit
gravity.

Methods

Three day old wheat coleoptiles were used. Ground controls matched flight conditions with respect to
seedling age, temperature and photostimulus. In orbit, plants were held in a 1 g simulated environment to
allow for normal plant development until the start of the experiment. Plants were then moved to the
recording and stimulus chamber (REST) where they were held at microgravity and time lapse videos were
taken for five hours before photostimulus occurred. Plants were then exposed to various lengths of
photostimulation, ranging from 3s to 33m 18s. After completion of photostimulus, time lapse video

records were taken until the end of the experiment, approximately 7 hours. At the end of each experiment,
atmosphere samples were taken and later analyzed by gas chromatography for ethylene, CO2 and O2. This
process was repeated for subsequent batches of seedlings. Some batches were fixed inflight at the end of
the experiment. Batches that were not fixed in flight were examined, photographed, measured weighed and
fixed post-flight. Any non-germinating seeds were cultured.

Results

The curvature response to photostimulus in fliglasnot significantly different than thground controls
except in groups that received 6 and 9 second stimuli. Measurements of seedling clsivatura
relationship between stimulus and curvature response. The dose response curve ofewatikadg
phototropism show that for the majority of stimulus durations the mean responsewias Agt statistically
different than the ground controls. Autotropic reversal of curvaturecandmnutationwasseen inflight

data. Circumnutation was seen in half of the flight seedlings. Rhythmisies alsoobserved ingroups
that were not photostimulated
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[1. Introduction

This report provides a summary of the preparations for, and the conduct and post-flight data analysis of, the
Spacelab flight investigatioFOTRAN, which flew onthe FirstInternational MicrogravityLaboratory

(IML-1 ) mission (STS-42) in January, 1992. The investigati@s designed to provide data on the
responses of wheat seedling to varidaige-light stimuli givenwhile the plants werexposed to orbital
microgravity conditions. Before the flight, a number of hypotheses were established which were to be tested
by the data from the flight and parallground studies. A description of the experimeptotocol
developed for the mission is provided, and an account o&dhetiessupported during preparations for

and support of the flight experiment is given. Details of the methods used to reduce and analgta the
from the flight are outlines.

The results obtained from the analysis of the flight data imdupporting pre- and post-flighground

studies completed to date are provided. While more data analysis is planned, we have progressed to a stage
where an assessment of the responses of the wheat seedlingexpdtimental treatments can be made,

and a judgment made of the success of the FOTRAN flight experiment.

The seedlings in flight showed an unexpectedly rapid development, reaching a givenabgeightimately

10 hours earlier than expected from pre-flight studies. A similar precocious developasaiso seen in

Oat seedlings also grown in the Gravitational Plant Physiology Facility (GPPF) equipment on IML-1. We
have investigated thiphenomenon and concludbat the precocious development is a resulteafly
germination and emergence, and not enhanced growth rates. Post-flight testingGi#¥PRheardware
revealed that it is not possible to account for the effect on the basiGP&F temperaturecontrol
inaccuracies. The enhanced germination rate must be a product of some spaceflight effeittanther
microgravity or launch stress.

The plants reacted to the planned photostimulations given. Clear reconptsotoftropic responsewere
obtained. For the majority of photostimuli given, fhigototropic response at zerowgsindistinguishable
from ground controls. The exceptiamasfor the 6 and 9 second stimulations, to which the fligtants
showed a significantly greater response compared with the 1g controls. The large enhanceaspoinet
seen to all photostimulations in pre-flight clinostate simulatiovess not seen in the flight plants.
Circumnutation was seen in nearly 50% of the seedlings in flight - a reduction from the 90% figure at 19,
but more than sufficient to confirm (in a different species) the findings of the SL-1 HEEkR&riment
that circumnutation occursvithout a requirement for gravitational force. Examples of induction of
circumnutation following a phototropic stimulation are reported, but the enhancemeircumnutation
amplitude commonly observed during ground experimemas not seen in flight plants. Autotropic
straightening of phototropic curvatures developed during the flight experiwenatnoted andanalyzed.
This provides unequivocal evidence that autotropic response does not require g foitseexpression.
Many of the wheat coleoptiles underwent a strong nastic responsebeiftgr transferred to zero g. We
demonstrate that this response is more marked in short (<10mm) coleoptiles, and that the temdanby is
reduced or eliminated if the zero g transfer occurs at a more mature seedling stage.

We conclude that the IML-FOTRAN experiment can be considered successful in achiergngrimary
objective; in permitting the testing qdre-defined hypotheses; and in revealing unexpegteenomena
effecting plant growth under space flight conditions. As is the wétbemost scientific investigations, new
guestions are raised; these suggest further testing possibilities, both on the ground and in orbital studies.

A. Hypothesis
We expected that the data from tR®OTRAN experiment would provide information on whether
gravitational forcewas arequirement forthis straightening response. Before the flight,pr@posedfour

“null” hypotheses that the FOTRAN experiment would test. There were:

a) Seedling curvature (following a photostimulus) proceeds at the same rate and in the same
direction in microgravity as in unit gravity.

b)  The extent of seedling curvature is the same in microgravity as in unit gravity.

c) The seedling curvature does not exhibit reversal (autotropism), or lead to oscillations
(circumnutation).
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d) The phototropic dose-response relationship is the same in microgravity as in unit gravity.

It should be pointed out that our expectation before the flighsthat these hypotheses wouhibt be
validated by the flight experiment results. The success ofMhel FOTRAN experiment can bgauged
by the extent to which the formal objective of teeperimentwasmet, and byour ability to confirm or
refute these four hypotheses as a result of the data gathered during the flight.

B. Objectives

The objectives of the FOTRAN experiment, as formally defined before the flighie“To determine the

time course of plant seedling curvature induced by a phototropic stimulation in a microgravity
environment”. Scientifically, we were interested in rmumber of discrete physiological responses of the
growing coleoptiles, and the effects of the microgravity environmentadifying these responses. The
rhythmic growth movement, circumnutatiomjas once thought tohave anobligatory requirement for
gravitational force for its expression. The Spacelab 1 experiment, HEFLEX, had demonstratieded,

but diminished, amplitude circumnutation in Sunflower seedlings at 1g. We hoped to ctrififimding

in an unrelated species (wheat) and also to observe the effecphobddtropic stimulations orthis
movement. At lgcircumnutation amplitude is enhanced dramatically following an effeqgh@totropic
stimulus, and is often seen to be entrained by the stimulus (synchronization of the normally petthom

of movements in a number of seedlings). &l& hoped, by the use of a range of stimulus durations, to
determine whether the complex dose-response relationships seen at 1g are altered by the lack of effective
gravitational force in orbit. Finally, wavere interested in dittle-understood phenomenon, sometimes
referred to asautotropism”. This is a straightening of a curvatupeoduced by a tropic response in a
growing plant organ. This, at 1g, a tropic curvature is oftéramsienteffect - the initial tropiccurvature

being “corrected” over time, leading to a straightening of previously curved portions of the organ. It has
been hypothesized that this straightening is a gravity-dependent phenomenon.

C. Background/History

In 1978, in response to an Announcement of Opportunity by NASA, we proposed an investigatioeabf
coleoptile responses to unilateral blue light stimulations given at 0g. The investigation became known by its
acronym FOTRAN. The experiment was to be carried out using the GPPVah#&b bedeveloped by our

group at Philadelphia under the supervisionNASA Ames Research Center (ARC). The GFHhRght
hardwarewasdelivered toARC in 1986. This reporicovers activities insupport of theFOTRAN flight
experiment on the IML-1 between November 1, 1989 and January 31, 1993. This quemosipre-flight
preparations, support of the IML-1 flight and the post-flight testing and reduction and analysisdatahe
collected during the flight. The main emphasis in this report will be on the scientific results olftaimed

the flight experiment, and the extent to which the objectives of the experiment were met.

[1l. Methods and Protocol

A. Discussion of Method/ Protocol
The following description assumes that the reader is familidh the design and functions of the
components of the GPPF.

Description of FOTRAN Scientific Protocol

The FOTRANexperiment used 3 day oldheat coleptilesTriticum aestivuncv Broom) as experimental
material. The seedereplanted in batches of 4 cubes, each containing 6 seeid$entals both on the
ground before launch (4 batches) and in flight (2 batches) to provide experimeatidial for testing
throughout the flight. Cube seed trays were packed with miBrgtmix-A” at a moisture content of 78%
by weight. All cube parts had been ethylene oxide sterilized and allowed to offgagniainaum of 24
hours before use. Soil trays for the prime and the liesk-up set(launch scrub contingencplanting)
were packed with the soil mix on January 1992 starting at 10 a.m. ESTAIl packing operationsook
place under a laminaflow hood andsterile techniquesnvere usedduring the packing and cubgay
cleaning operations. (Because of the problems encountered duringetteamulation in whichretarded
germination had been traced in part to the effects of sterilizing the promix iKS@Geautoclave, the soail
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mix itself wasnot re-sterilized, but used as supplied by menufacturer.) As thsoil trays werepacked

and cleaned, thewereplaced in autoclave sterilized boxes to minimize evaporative losses. agked

soil trays were wrapped in sterile Saran wrap and packaged in two “Ziploc” bags. These soil trays, destined
to be used during inflight plantings, were stored in the refrigerator until transferred to the MABC&!

The remaining soil traysvereretained in closed boxes within the@od until scheduledround plantings.

Soil tray packing and cleaning operationgre completed by 8 p.m. on January 11792. Ground
plantings were performed starting at 18:45 EST on January 19, 4868@rding to a pre-defined schedule
designed to provide seedlings of the correct age for use at mission elapsed times (MET) as specified for
FOTRAN operations in th@re-launch mission timeline. The planting schedule included the planting of
batches for the prime launch and two 24 hour scrub contingpasyibilities. Planning fopreparations

for further contingency launchesas inplace, but the successful launch of STS-42 on the firstnuage

this unnecessary. At each scheduled planting, four pre-packed soil trays were pitint@delected wheat

seeds, cleaned and placed in the four FOTRAN cubes designated for that batch. Theeceibasefully
cleaned, wrapped in aluminum foil to minimize moistloss, and transferred to th&SC plant growth

room, whichwasmaintained at 225C. On January 211992 the cube batches for tfiest launch were
removed from the growth room and packed into B@OC together with GTHRES cubes and the
temperature recorder (ATR). The packe@OCwashanded over t&SC integration team at 17:22 to be
loaded into the Middeck locker at late access. Planting operations for launch cmmtibgencies
continued as scheduled until the successful launch.

In orbit, at MET 0/06:24, the planted cube®re transferred to theésPPF Left Test Rotor (LTR), which
provided a 1g field and temperature control (nominal 2Z%to allownormal plant developmeriefore

the start of the experimentalbrtion of the protocol. Seed tray packages for the inflight plantnge

stored until required in the Plant Holding Compartment (PHC). In sequence (as specified in the mission
timeline) the four cubes of each batalere removed from the LTR and placed in the Recording and
Stimulus chamber (REST). This unit has locations for four cubes, wé&bhits own independently-
programmable photostimulus source. Once a bateb loaded into theREST, the crew initiated an
automatic experiment sequence controlled by the GPPF micro-processor. The sequence provided a 5
period of timelapse (one frame per 10 minutes) video records of the plants before providing a
photostimulus to each cube. The duration of the photostimuaisvaried to provide different stimuli to

each cube according to the overall experiment design. After the completion of the photostimulus, the
REST collected further time lapse records until the end of the experiment for that batch, nomimailys7

later. At the end of each experimental run, the crew removed the used cubes from the REST tanitk and
samples of the atmosphewvdthin a selected cub&om the batch for later analysis. The plantscimme
batches were alsohemically fixed in the Biorack glove box. This sequence of operatizssthen
repeated for subsequent batches of seedlings. In flight plantiegsmade by thecrew, using thepre-

packed seed trays, to provide experimental material for the latter part of the migsvwonsuchplantings

were made. From time to time the crew changed out the video tape cassettes in the two GPPRNEWRS as
became full. A total of 33 30-minute Umatic tapes were used during the mission. Table | givasary

of the timings of the FOTRAN operations as flown during the mission.

At the end of flight operations, the FOTRA®juipmentwas stowed, withfresh (unfixed) cubedeing
placed in thePCOC inthe middeck locker tallow early recovery after landing. THé&TR cassettesvere
stored in the module overhead locker and recovered 24 hours after landing:

Table I: As-flown experiment timings for the IML-EOTRAN Experiment. All timings are given
relative to the STS-42 launch at 09:52 EST on January 22, 1992.

BATCH1 BATCH 2 BATCH 3 BATCH 4 BATCH 5 BATCH 6

Planting L-63:09 L-49:54 L-37:59 L-25:19 2/12:50 3/17:21
TRS to 0/06:27 0/06:27 0/06:27 0/06:27 2/12:50 3/17:21
Culture

Rotor

Transferto  0/12:47 1/02:36 1/14:09 2/03:08 5/06:57 5/17:21
REST

Age at 75:50 76:30 76:08 76:27 66:07 48:00
REST

Transfer

Start of 0/17:47 1/07:36 1/19:09 2/08:08 5/11:53 6/16:30
Photostim
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BATCH 1 BATCH 2 BATCH 3 BATCH 4 BATCH 5 BATCH 6
Longest 16:39 8:21 00:09 33:18 00:09 33:18
Photostim
(mm:ss)
Remove 1/01:47 1/13:54 2/02:22 2/14:58 5/17:16 7/01:46
from REST
Age 88:56 87:08 88:18 88:17 77:10 80:25
Removed
From Rest

B. Methods and Research Operations
Preflight Preparations

Activities in support of theFOTRAN experiment in the pre-flight period included the development of
suitable procedures to be followed for the ground planting, the crew procedures for use in flight and for the
collection of the data and fixed and fresh (living) plant material at the Dryden landing facilitywele

also activelyengaged in the development of t&®PFportion of the overall missiotimeline, an iterative
process. As each new revision of the timelvesproduced bythe timeline engineers at Marsh&@bpace

Flight Center, we checked the proposal for compatibility with the scientific requirements exgeement,

and also against the logistical constraints imposed byG#RF storage and othaccommodations.Each
revision of the timeline required additional checks of and corrections to the current crew procedures.

Crew training activities occurred in parallelwith these activities. Training consisted of classroom
introductions to the scientifibackground ofthe FOTRAN experiment and to thesPPF hardware
capabilities. Hands-on training in the use of the hardware and in the manipulations of the plant material
during the planting and fixation processes were also given. Most of this practical traaspgovided to

the crew at the Marshall Payload Crew Training Center (PCTC), where a full mock-up of the IML-1 mission
spacelab module was configured. Thisck-up contained a good fidelity training model @PPF which

had a full range of functionalities, including simulating the symptarfisand therequired corrective
actions to be taken in the case of equipment malfunction.

Support was also providedduring the process of integrating tl&PPF flight hardware into théML-1
Spacelab payload. We participated in the testing of the equipment dilnimgorogressiveintegration
process. During integration a number it®ms within the hardware had to be replaced, mosably the
REST video camera and the GPPF Control Unit computer board. During level I/l integftbmember

29, 1990) a calibration of th&EST photosensorwasperformed and during th#lission Sequence Test
(April 14-18, 1991) a calibration of th&PPFtemperature sensors and video balance adjustnvesris
performed. Due to extensive use iground testsand crew training, thespecimen growthcontainers
(CUBES) used in GPPF became worn an@asdecided to manufacture a completew setfor the flight.
Because of the tighturn-around timeline to be followed in the event of a launch scrub, we also
manufactured a partiaet of backup cubes to be planted for such contingencies. Manufacture of these
items was carried out under our supervision at Philadelphia.

In preparation for the IML-1 mission, we developed a number of management aids to be used by our POCC
support team during the mission. These includeftware to display graphically thgtatus of theGPPF
experiment and scheduled future events in real time on a PC, and a video tape usage monitoring program to
predict tape usage in the baseline timeline operations and as a result of replativitels. Wedeveloped

and provided logistical models that enabled the POCC support team to monitor the location dERWEry
experiment item during the mission. Thiss asignificant task since theravere a total of1l36 separate
moveable hardware components and 44 timelioredv activities thatesulted in relocation o€omponents

within GPPF. The entire team received training at Marshalleggired to qualify them to support the
experiment in the MSFC SOA. The science team participated in a number of flight simulation exercises to
complete this team training process.

On January 2, 1992, the entire FOTRAN science team attendeStieHangar L“wet” simulation in

which a full simulation of thepreparation of biological material for the flightas performed. The
simulation exercised all aspects of the pre-flight procedures, the laboratories at Hangar L and the equipment
required to support the preparations for flight. It provided the apyportunity to demonstrate the
efficiency of the planned pre-flight procedures using KSC-provided equipment in prodih@mgquired
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healthy plant specimens for the FOTRAN flight experiment. This simulation proved to be theitaityst
important of all the NASA simulations for this mission, since the plants prepared during the simuigon
severely effected by a reduced germination/growth rate which would have lead to an almost total loss of the
FOTRAN flight science had theondition not been recognized and corrected. Theagjust sufficient

time between the end of the simulation and the start of the pre-flight preparations for us to ptamrand

out a series of tests which revealed that the prime cause of the growth failure was an off-gassirigpffect

a new batch of Nalgene boxes used to store the plant cubes in the growth roomP@@@®ading. A
secondary contributing factor was an as yet unexplained effect related to the sterilization of the soil mix in
the KSC autoclave. Buwltering the procedures to avoid the use of iber Nalgene boxes (wrapping the
cubes in foil) and using non-autoclavedil mix, we were able tdemonstrate to our satisfaction that we
could produce the required healthy seedlings for flight.

Launch Preparations

Pre-flight preparations commenced January 14, 1992 with lab preparations, soil mix preparationbeand
cleaning and sterilization. All cube soil trays weeckedwith soil mix on January 171992 and the first
FOTRAN seed planting activitpccurred at 18:30 on Januard®, 1992. Flight and launchscrub
contingency planting continued following the preplanned schedule until the successful lauggis-a2

on January 221992. PCOCand MASI loading and handover K5C werecompleted smoothly and on
schedule, providing a completet of 16ground-plantedcubes in four batches. Both tR&COCand the
MASI contained, in addition, soil trays pack®dth moist promix to support two inflight plantings by the
crew members. The plants prepared for launch scrub contingencies were not, fortunately, reqwesd but
measured at KSC at a standard age for comparison with the flight specimens.

Engineeringstaff from our laboratory and members of #hRC support team hadneanwhile, arrived at
MSFC to prepare experiment monitoring equipment situated irs@& for the mission. Thigquipment
was in place and checked out by L-1 day.

Flight Support Activities

After the launch, the PI team at KSC traveled to Huntsville to the MSFC Sdimestions Area (SOA) to
join other personnel to monitor flight operations. The progress of FB@RAN experiment and
performance of th&sPPFequipmentwas nonitored at theSOA throughoutthe mission on a 2 shift, 24-
hour coveragéasis. During the flight th€l, ARCand POCC Cadre teams workewell together. The
training received in the pre-flight simsasextremely valuable, but had not fullprepared us for the
extensive replanning activities that were required. Unexpectedly rapid development of the sgedlimgs
on the GPPF necessitategscheduling of many inflight operations. Only an efficient, coordinatiéolrt
by the GPPF SOA shift teams and the POCC cadre members allowed this replanning to be as successful as it
was. The replanning effort required the expertise and dedication of a large numbuatividuals, all of
whom performed well. The support documentation, displays and software developed befor#igtie
performed their intended functions well.

Post Flight Recovery Activities

Members of the team left the SOA at Marshall after completion of significant GPPF activities, but before the
end of mission operations in order travel to theDryden LandingFacility to accept the return gflant
material, video data tapes etc. Handover of the PCOC and MASI (witmthed flight specimens) to the

Pl team occurred approximately 3 hours after landing. The laborddoilities at Dryden were well-
equipped and specimen documentation was carried out without problems. During this procestxéue
specimens from flight were examined, photographed, measured, weighed and fixechorAggrminating

seeds were placed on agar plates to be cultured. The dotivenentation processascompleted on the

day of landing. On the following day, handover of the module stowage items occurred. These included the
flight video data tapesand the in-flight fixed plants. Tape duplication facilitieere provided by the
Dryden Photo Labs and a complete camt of the flight tapesvere made. During this process, it was
discovered that the F1 and G1 tapes had not successfully recorded dataffiat 8/d of the tape.These

tapes are the first used tapes from VTR-F and VTR$pectively, and the data loss is irrecoverable. The
data lost represents the all of the pre-stimulus, and most of the post stimulus data for FOTRAN batch 1.
Three downlink video episodes were recorded for this group of plants (dtipre2 post stim),and thelast

two hours of the run can be obtained from the VTR tapes after the initial anm®ealy. Thussome

limited information fromFOTRAN batch 1 isavailable, but the loss of theomplete video recordloes
represent a significant loss of science data. Lab operations at Dryden ended on February 3, 1992.
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Post Flight Tests

After the flight, we arranged to conduct additional testing using the GPPF flight hardware laboratory.

The purpose of this testing was for two major purposes, both of which arose as a resulirexihectedly

rapid development of the seedlings (wheat and odts)ng the IML mission. Firstly, we wished to
investigate thegerformance of the temperature monitoring and conggstems ofGPPF, toexclude the
possibility that the advanced development seen was a result of GPPF internal temperatures being higher than
intended during the flight due to some malfunctiontluis system. Secondly, whatever the cause of the
unexpected development, it resulted in some experimental runs in flight being performed with seedlings at a
more advanced stage than had been used for the preflight control st@liesnd controltestswere,
therefore, required to determimvehat effect this nght have on seedling responses. Treund control

studies used a protocol that closely followed the inflight crew procedures and provided equivalent data.

Data Reduction and Analysis Methods

Gas samples taken from selected cubes by the crew at the completion of the FOTRAN experimegrteruns
analyzed by an independent laboratory at Michigiate UniversityDepartment of Horticulture. The
samples were analyzed by gas chromatography for Ethylenggn@@) content.

The prime data for the experimewhs inthe form of time-lapse video images present on 24 of the 33
GPPF video tapes recorded during the flight. (Because of timeline and other constraints, som@R#Rhe
video tapes contained GTHRES data only). After catalogingirtftemation present on eadape,data
reduction wasperformedwith the aid of Jandel Scientific'8Java” Image AnalysisSoftware,running on

IBM Pcs. In brief, the process consists of replaying the tape on a Sony VO5800 Umatic V@Rysand
capturing the selected image on a PC frame grabber. The Java software has facilities to epakeletiie

to make various measurements of the image using a mouse to select image features. ajorhe m
measurements made on the images include coleoptile length (following calibration of the software to a
known length standard) and measurements of the angular position of the apical third of each coleoptile
relative to a reference direction (nominal cube vertical). Following completion of the measurement of the
angles of all seedlings in all frames of a selected cube, the véaaread into a specially-developed
program that performed tabulation and certain transformations on the data. For the angle measurements,
the following standard data manipulationgre performed in addition to the tabulation of thaw data:

angle measurements were transformed to correspond to the phototropic conventjmosithatresponses

are towards the light source; datascorrected for the individual plant’s position immediately before the
onset of the stimulus (this measuring response as change from this pre-stimulus positiorgfetiarees

were transformed from mission elapsed time (MET) to minutes relative to the time of stimulusdatset;
smoothingwascarried out using running average techniqoger a 5 data point range; meassandard

errors and other relevastatistics werdabulated for each treatment. The transformed datssaved to

disk files and used by graph plotting software to produce summary graphs of the data.

C. Hardware

The experiment and th&PPF hardware werdesigned to provide data on the responsesWifeat
coleoptiles to phototropic stimulations of varied duration given to seedlings being held mitdegravity
conditions. The seedling responses (measured as growth curvatures towawdsy &om the stimulus)
wererecorded during the flight as time-lapse video tape records made using infra-red illumination. The
illumination used is known to be physiologically inactive. Seedlings to be used in thevikgatto be
planted both on thground and inorbit, to provide anumber of batches fousethroughoutthe mission.
After transfer to orbitground-plantedseedlings weré¢ransferred by therew to 1g GPPFotors toorient
growth until ready for experimentation at about 75 hours of age. Seedlings planted imwearelso
placed on the rotors for the duration of their early development. At the cagectthe seedlingaere
transferred to the GPPF Recording and Stimulus Chamber (REST) where flogtidg of theexperiment
protocol was performed. This protocol collected data from the seedlings for 5 hours before a timed
exposure to unilateral blue ligltasgiven and plant responsegere nonitored for a further 7 hours after
the stimulus to observe the resultant curvatures.
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V. Results
A. Completeness/Quality of Data

STS-42 was launched on January 22nd at 54, 52 minutedehind the originally scheduled time due
to local weather concernsGPPFwasactivated some 5.5 hours after launch and the FOTRAN owbes
placed in the Test Rotors at MET 0/06:27. GRiplerated for a total of 166 hours during the mission
(from MET 0/05:35 to 7/03:15). During this time a total of 362 time ldfisanes” wererecordedfrom

the FOTRAN experiment. Approximately 59 frames were lost fromrélcerded data of batch 1 due to a
tape problem. (The VTRs had been placed in standby mo@®RE power up, anduring thesix hours
before data recording started the tape was loosely positioned over the rotating drum of the machines. This
caused abrasion of the tape and occlusion of the record heads on both tape machinegtadhally
cleared during normal recording. This problem had not been seen in post tdgihtvhich exactly
replicated the flight procedure. It must be concluded that zero g effects on the tape mecbaiidted

to the problem.) The problem recurred in mid mission when the VTRs were in standby modepémidide
between the completion of tlground-planted runs anstart of theflight-planted runs. Irthis caseonly
VTR-G was effected, and no FOTRAN dataslost. In addition to the tape record, periodic downlink of
GPPF video was provided and recorded on the ground. Three of these downlink episodes dacurged
the same period as the VTR data loss, providing some data that enabled partial recovery of thed8@ich 1
A nearly complete record oGPPF“housekeeping” was obtained from theRAU data streamwith
insignificant dropouts caused by satellite data lmkblems. Thecrewobtained the gas samples aimd-
flight plant fixation as required.

B. Photographs

[A List of Photographs and their names (file names or lables) would be providedinetoeing NASA
numbers if applicable.]

C. Final Research Findings
Germination and seedling growth.

Following the experience during theet simulation immediately pre-flight, when severely retardgdwth

had been seen (and the caubepefully corrected), wevere gratified to the that the wheat plants had
germinated and grown well at the first opportunity to view the plants of downlink at MET 0/17:17. We did,
however, note that the plants seemed somewhat taller than expected at this stage.dowiienk
opportunitieswere limited,and it was wellinto the second day that we realized that ttpsecocious
growth” pattern was being repeated in more that the first FOTRAN batch and also by the oat saedtings

in the GATHERS experiment. It also appeared that the effasincreasingly apparent in eacccessive
seedling batch weawthat we were indanger of loosing data in the later batches because the seedlings
would become todall to be experimentally useful if the trend continued. The mission timedicterities
wererescheduled during the mission to correct for the advanced development. Germiaggsofor the
wheat seeds were as shown in Table Il. Total percentage reports all germination seedlings,swhitde”
seedlings are defined as those thatre 10 mm or taller at the time dfansfer to the Table lIWheat
Germination Rate Summary. Total germination includeall seed thatproduced visible coleopltiles;
“useable” percentage records only coleoptiles long enough for experimental analysis (longer that 10 mm
at the time of transfer to the REST).

FOTRAN - Flight Data Germination Rates
TOTAL % USEABLE %

Batch 1 95.8 83.3
Batch 2 91.6 87.5
Batch 3 100 95.8
Batch 4 87.5 79.2
Batch 5 75 66.6
Batch 6 66.6 58.3
Planted Pre-Flight 93.7 86.4
Planted In Flight 70.8 62.5
Overall Germination 86.1 78.5
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REST unit (at about 75 hours old). Germination of dheund-plantedseedswasexpected from there-

flight tests, providing in excess of 80% of useable coleoptiles. The germination rate of the seeds planted in
flight was somewhat depressed, but still yielded sufficient plants for scientific purposes. The reasons for the
reduced germination of the flight-planted seed cannot be determined form the data.

As mentioned above, thesgas aclear tendency for later batches of seedlings to have talleretaacted
coleoptiles during the experimental period. To gain insight into the mechanisms(grddated this
effect, we measured the length of the coleoptiles in all FOTRAN bafohies the video record. lages
were measured at intervals throughout the growth.

The data in figure 1 show the means and regression line of the growth of each batch of flight seedlings. the
graph shows that the growth rates (slope) of the batches are similar. Statistical ahalysishathere is

no significant difference between the slopes of any of the batches. This indicates that an increased growth
rate wasnot the reason for the taller than expectedeat coleoptiles observeduring the flight. If the
regression lines are extrapolated to the agis, an estimate of the time of the engence of the seedlings

above the soil surface abtained. This estimats, of necessity, approximate, since the typicaleoptile

growth curve is sigmoidal, rather than lineddowever,the errors introduces by the lineapproximation

will be a systematic overestimate of the age of emergence - all batdhbe similarly effected. Table IV

provides comparison between the slopes and the age of emer(gertcapolated) for the OTRAN
batches.

Figure 1: Extension growth as a function of seedling age from FOTRAN wheat coleoptiles flight.
Inset: relationship between emergence and the period spent in orbit.
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Table III: Growth Rates and Estimated Coleoptile Emergence Ages for the 6 flight batches.

IML-1 GROWTH RATE STATISTICS
FLIGHT DATA GROWTH RATE COLEOPTILE
(mm.hr) EMERGENCE (hrs)
BATCH 1 1.10 £ 0.24 63.8 + 0.86
BATCH 2 113 £ 0.11 59.1 £ 0.56
BATCH 3 0.92 ¢ 0.11 548 £3.57
BATCH 4 0.84 £ 0.13 48.7 £ 1.68
BATCH & 091+ 0.18 49.1 + 1.39
BATCH & 0.87 £ 0.14 48.9 + 1.15

Comparisons between the age axis intercepts for the grstphs clearly that there is a systematiend

towards earlier seedling emergence from Batch 1 through 6. Thus the taller plants seem to be a product of
enhanced development in the pre emergesiages,the precocious development is a result ezrly
germination and emergence, and not enhanced growth rates. Tablestaisticalmatrix based on t-test
comparisons between the estimated times of emergence for the 6 batches.

Table IV: Matrix showing the statistical significance of the differences between thege of emergence
estimates for the 6 flight batches. The table showtke probability of finding differences asgreat
as those observed by chance.

Batch 2 Batch 3 Batch 4 Batch 5 Batch 6

Batch 1 <0.001 <0.05 <0.001 <0.001 <0.001
*kk *%k *kk *kk kkk

Batch 2 >0.50 <0.001 <0.001 <0.001
NS kkk *kk *kk

Batch 3 >0.20 >0.10 >0.10
NS NS NS

Batch 4 >0.50 >0.50
NS NS

Batch 5 >0.50
NS

There is evidence that the greater gh®portion ofthe pre-emergencestage that a wheat seedling is
exposed to “spaceflight influences” the earlier will its emergence above the soil and therefore the taller the
coleoptiles will be at any given age. The nature of the spaceflight effect that causes this effelchdsumot

It can be unequivocally stated that the influence is not one of microgravity. FOM&AN batcheswere
grown at 1g, either on a 1g rotor or a combination of earth gravity and a rotor. lesBeéfected batches
(1 through 4) all experienced approximately 5 hours of microgravity between launcGRIPE activation.
the batcheswith the most enhanced developmentere batches Sand 6, which spent the entinere-
emergence period on a 1g rotor. By similar reasoning the effect cannot be a resultsoessgsmposed
by the launch (Batches 5&@&erelaunched as dry seed). The influence responsible fompteeocious
development must be some other environmental factor present in the orbital vehicle. In otinielirkg
about the effect andts possible causes, weonsidered that temperature control systesre out of
calibration, an elevated temperature of sufficient magnitude inside the culture rotors pmidghte the
observed enhancement in development. Aftseres of extensive tests dne observed enhancement in
development. After a series of extensiests onthe GPPF hardwareun at Philadelphia (andeported
elsewhere) we have come to the following conclusions. 1) To produce the magnitude of the odi$ected
would require the GPPF culture rotasgerewell in excess of their nominal temperature settihging the
mission (a minimum of ZIC, some 4-5 higher than any reported by tl@&PPF RAU dataduring the
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emission.) 2) Although th&PPFtemperature systemasfound to besomewhat out of calibration (Data
gathered during the Post-Flighests suggest that the Culture Roteasbetween 0.7 and 1°6 above the
temperature reported by the downlinked ddta3 is not sufficient to account for the observahanced
development. In the absence of any means on gitoaind of testing other possiblespaceflight
environmental effects, we are unable to make any definitive determination of the cause(sprefctiotous
development recorded from both wheat and oat seedlings on IML-1, but can only note the conclusion that
the predominant influence is on the early pre-emergence) stages of growth, and éhanghgon growth

rate of wheat is unaffected.

Phototropic responses

During the flight,wheat plants werexposed to a range of photostimulus duration from 3 seconds to 33
min. 18 seconds. This range covers the first pospivetotropic response through an indiffermainge
(where the photostimulus provokes - zero response) to the second positive response. wasaesited to
determine the effects of an effective stimulus on nutation, autotropismthe stimulugluration that (at 1

g) produced a marked responseremore heavily replicated that those within tinglifferent region. A
summary of the stimuli given during the flight experiment are given in table 6.

Table V: Details of Photostimuli given during the IML-1 FOTRAN experiment

Rest Stage

1 2 3 4
1 3 9 99 999
00:03| 00:09 | 01:39( 16:39

9 501 6 0
00:09| 08:21 | 00:06| 00:00

Stimulus 6 9 0 3
Episode 00:06 | 00:09 | 00:00| 00:03

1998 3 999 6
33:18| 00:03 | 16:39 00:06
3 9 6 3
00:03 | 00:09 | 00:06| 00:03
3 1998 | 501 0
00:03 | 33:18 | 08:21| 00:09

o O H W N

Analysis of the photoresponse parameterstiisin progress. Interpretation of the data collected lhasn
complicated by a number of actors. The precocious development observed in some batchdlgbt the
seedlings, the presence of nastic curvatures that specially effected shorter coleoptiles (see later section) and
the presence of apparently random curvatures in some seedlirggiaibuted to make the analysewre

complex that had been expected pre-flight. The following account gives a report of the analyses to date.

Clear photoresponsesere seen to all effective stimulations (i.e. those gratluce a marked response at

1g). As expected, stimulus duration of 99 or 501 seconds did not produce seedling curvatures (these
produce doses thdall within the indifferent response range). There are a numbewayfs in which the

extent of a photoresponse can be measured; the angular regpodseed at a standard time after the
stimulus, the maximum response achieved, the maximum rate of curvature etc. Thus far in our analysis of
the IML-1 data we have concentrated on a standard measurement- the response to 100 pogtutes
stimulus. Future analyses will consider other measures of phototropic response.

The FOTRAN protocol included in-flight controls, consisting of zero duration stimuli. These data were

analyzed in the same way as the other data sets to provide measure of the plant response when no
photostimulus is given. When the
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Figure 2 : Examples of time course of photoresponses observed at Og during the IML-1 mission.
Photostimuli of the indicated duration were given at time 0.
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response data treal” photstimuli is comparedvith the data from these zero duration control$oisnd

that the data fron8,6,9,and 999 second stimuli are significantly different from the zero stimdis,

whereas the datitom 99, 501, andl998 seconds do nahow statistically significantlifferences. In the

case of thel998 secondiata, this is at least in part due to the high variability of the data - caused by a
bimodal response pattern, some plants showing large responses, others no response at all. It should be
noted that the indifferent region treatments (99 and 501 seconds) do not normally cause a response at 1g,
and therefore the lack of significant differences for these treatments is not unexpected.

Figure 2 provides examples of photoresponses at 0g. That is variability between plants receiving the same
photostimulus. Some plants show marked phototropic responses, while others, in the same batbbymay

little or no response. This variability is regularly seen in plants at 1 g axisbjs not a function of zero g
exposure. The examples n Figurev@rechosen to show the pattern of thkotoropic response in plants

which underwent an unequivocal reaction. We have not detected any apparent differencesinie the
course of the responses occurring at 0g. Responses, seen as curvatures towards the light source, are initiate
within 10-20 minutes of the stimulus, and reach a maximum curvature approximately 100 minutes after the
onset of the treatment. This pattern of response is similar tdatatl at 1 g. We plan to undertake a
detailed statistical investigation to compare flighith ground control responsgatterns during oufuture
investigations of the IML-1 data teee if there are any subtle differences between the responses seen in
flight and ground controls.
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Figure 3: Dose response curves for data collected during the IML-1 mission and in post flight testing at 1g.
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Under normal gravitational conditions, the relationship between the extent of the phototropic response and
the stimulus dose (measuredlight intensityx stimulus duration) is unexpectedly complex. In a large

number of species investigated (including the FOTRAN subject, wheat) increasing the stimulus dose from
zero does not lead to a progressive increase in the response magnitude. Typically a maximum response is
seen at low dose levels, followed by substantial medium-dose range in which the response elicited is small,
or even negative (a curvature away from the light direction). Following this indifferent dose range (at
higher dose levels) marked positive curvatures are again produced. An objective of the FOTRAN
experiment was to determine if this dose response relationship at Og differed from that seen at 1 g. Ground
studies using a clinostat had shown that the magnitude of the responses was considerably greater under
simulatedmicrogravity (Heathcote & Bircher 1987), so there was some expectation that larger responses
might also occur in orbit.

The data shown in Figure 3 give comparisons between the IML-1 flight responses and a ground control

data set collected during the post flight tests (PFT) in the flight hardware after the return of IML-1. The

only treatments which show statistically significant differences between 0g and 1g plants are 6 seconds and
9 seconds. In both these treatments the flight response is greater than the response developed on the
ground. Figure 4 compares the flight and the post-flight control data with the earlier flight and post flight
sets has not been compared, but it is immediately apparent that the clinostat responses are markedly greater
that either the flight or PFT. Once again the evidence is clear that the clinostat does not provide a reliable
simulation of true microgravity effects. The flight data set is more closely similar to the 1 g control than to
the clinostat simulation.
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Figure 4: Dose response comparison between Flight, Post-Flight Tests at 1g, and Pre-Flight Clinostat
Og simulations
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Circumnutation

One of the objectives of the FOTRAN experiment was to determine if the rhythmic growth movement,
circumnutation, occurs under microgravity condition, and to determine the effects of phototropic
stimulations on the rhythm. At 1g, phototropic responses often leas to the triggering of large amplitude
circumnutations, or bring about increased amplitudes in pre-existing circumnutation. In wheat coleoptiles
at 1 g circumnutation occurs in a high proportion (>80%) of unstimulated seedlings. The IML-1 FOTRAN
data therefore provided an opportunity to confirm the findings of a previous Spacelab experiment
(HEFLEX) which investigated nutation in Sunflower seedlings in the absence of gravity. This previous
study found that circumnutation did persist under microgravity conditions, but with altered period length
and amplitude, and a reduced frequency of occurrence compared with ground controls.

As mentioned previously, the FOTRAN design included a number of observation of pants that were not
subjected to any photostimulus - the in-flight controls. These observations provided approximately 12
hours of time lapse record for each seedling.

Since the average period length of circumnutation in wheat at 1g is about 2.5 hours, this should allow
sufficient time to detect such periodicities in the data (4-5 cycles). Theoretical models of circumnutation
which postulate a requirenent for graviational force would predict that any circumnutation pre-existing in
the seedlings (growing at 1 g on the culture rotor) would damp out after no more than 1-2 cycles after
transfer to microgravity. The data from IML-1 provided several cases of persistent rhythmic activity in
plants which were not photostimulated.

Examples of the time courtse of such circumnutations are given in Figure 5a and b. Circumnutation were
also regularly observed in seedlings that did receive effective photostimulations, and in these cases the
interaction between the two movements can be seen. Figure 5c shows a case where the photostimulus
interacted with an established circumnation rhythm, leading to phse changes in the rhythm. At 1g, there is a
tendency for phototropic stimuli to enhance the amplitude of circumnutations and to produce
synchronization of the plants within an experimental batch by means of phase shift phenomena. This effect
is somewhat dependednt on the timing by means of pahse shift phenomena. This effect is somewhat
dependent on the timing of the ligh pulse relative to the pahse of circumnutation. We have not completed
our analysis of the flight data in relation amplitude enhancement, butpreliminary consideratiion of the data
suggests that the augmentation seen in 1 g controls is not repeated in the flight specimens. This would be in
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line with the concept that the augmentation at 1 g is seen as a result of gravitropic amplification of the
nutation movements. figure 5d is an exampléndfation of circumnutation activity apparently triggered
by a photoropic stimulus. This indicates that, even in the absence of gravitropic amplification of
circumnutation (at 0g), a phototropic stimulation can, under appropriate circumstances initiate a stabel
rhythmicity in a previously arrhythmic plant.

Figure 5: Circumnutation under mcrograavity conditions. The seedlings were transferred to Og at
time 0, having been grown at 1 g on the culture rotors. (see text for details)
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To provide and overall comparison between the characteristics of circumnutation occuring under orbital
conditions with that observed at 1g, we determined period length for all clearly defined circumnutations

Table VI Summary of the circumnutation parameters found in the IML-1 FOTRAN experiment
and ppre-flight ground study (IGS-1):

Circumnutation Parameter 0g (IML-1) 1g (IGS-1)

Plants showing clear rhythmicity| 46% 91%

Period Length (min) 120 140

Standard Error +4.5 3.7

seen the flight data, and a control data set collected during the pre-flight period. We also determined the
proportion of the total coleoptiles during the pre-flight period. We also determined the proportion of the
total coleoptiles that showed clear circumnutation activity. These data are summarized in Table VII. there
is a reduction in the proportion of seedlings that exhibit circumnutation at 0g, but these is no doubt that
circumnutation activity is present in almost half of the flight seedlings. There is also a statistically-
significant reduction the mean period lenght of circumnutatiion in the flight seedlings as compared with the
groiund control plants. Similar effects on period length and the frequency of nutation were reported from
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the Spacelab 1 HEFLEX experiment. The FOTRAN data clearly supported the contention derived from the
HEFLEX data that the process of circumnutation isdejiendenbn the presence of the gravitational
force, but that certain characteristics of the movemenimaifiedby the presence of an effective g force.

Autotropism

The phenomenon of autotropism (a straightening reaction following a tropic or other curvature) is clearly
demonstrated by the data from the flight plants. At 1g, it is difficult to be certain that any straightening of a
plant organ observed fololowing the induction of a tropistic curvature is not caused by gravitropic
influences. When the observations are carried out in microgravity, however, as with the FOTRAN data, it is
clear that if straightenings observed the processrist dependent on the gravitational force.

The data from the flight clearly show evidence of straightening of curvatures induced by photostimuli.

Indications of this can be seen from the time course graphs of the plants responses, as for example in the
typical examples shown in Figure 6.

Figure 6 Typical examples of plant phototropic responses that are partially revered by and
autotropic reaction.
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The inital curvatures develop to a maximum deviation at or about 100 minutes after the stimulus. The
curvature then reduces over the next 3-4 hours, typically resulting in a plant angle at the end of the record
that is approximtely half of the magnitude of the maximum phototropic response curvature. Although the
most likely explanation of this observation is that the phototropically-induced curvature is straightening, it
would be theoretically possible to obtain the smae effect if the plant developed a new, oppositely-directed
curvature, for example at the bae of the seedling. When the video data is examined, however, it can be seen
that the angle reductions do, iun fact, result from straightening, “autotropic” reaction. There is clear
evidence that the curvatures develop at maximum response (at 100 minutes after stimulation) are reduced in
magnitude by the end of the experimental run - straightening reactions (autotropism) have occured.
Tracings of coleoptiles taken from the video inages are given in Figure 7. Since the entire time during

which the phototropic curvature was developed and, later, diminished, took place under microgravity
conditions it must be concluded that the process of autropic response does not have an obligatory
requirement for g force.

DRAFT PAGE 36



Figure 7: Tracings of three images of coleoptiles shown A) before the phototropic stimulus, B) at
maximum response, and C) after autotropic straightening (7 hours after stimuls).

Nastic and other spontaneous movements.

The analysis of the phototropic and circumnutation data from the video tapes was complicated by the
presence of unexpected spontaneous curvatures that occured in a proportion of the flight seedlings. thewe
was a marked tendency in some of the FOTRAN batches for seedlings to undergo a curvature following
transfer to Og in the REST. Visual observations of the video record revealed that the tendency appeared to
be marked in seedlings that were short (<5-10mm) when transferred to the REST. Most commonly the
curvatures occurred in the same direction - towards the photostimulus window. Since seed planting
procedures used for the wheat seed ensured that all seed were planted such that the coleoptile developed on
the side of the seed closest to the window, the observatiuon is consistent with a strong nastic response of the
coleoptile away from the seed. The curvatures, where present, appeared to be predominatntly in the basal
third of the coleoptile. The final curvautures led, on average, to a coleoptile axis inclined at &ltout 40

the cube vertical axis. In extreme (and rare) instances, the seedling became parallel with the soil surface. In
most instances the nastic response appears to be induced by the transfer to 0g, or some event associated witl
that transfer. Similar curvatures have been reported previouly from seedlings on clinostats. In the

leterature relating to clinostat-induced nastic ccurvatures of cereal coleoptile, the direction of the curvatures

is species-dependent, but always in the plane through the coleoptile longitudinal axis and at right angles to
the longest axis of the elliptical cross section of the coleoptile. The IML-1 flight data from wheat therefore
appears to represent a similar phenomenon to that observed in clinostat experiments.

As mentioned above, the data seemed to indicate that short seedlings were much more susceptible to the
nasic curvatures that more mature seedlings. This was strongly indicated by the data from Batch 6. These
seedlings were intentionally transferred to the REST unit at an early stage of development (48 hrs rather
than the nominal 75 hrs). This was done to obtain data to characterize the precocious development of the
seedlings which had been identified from the downlinked video images obtained early in the mission. We
felt that data of the growth of the seedlin from an earlier stage than normally available from FOTRAN data
sets might be valuable in our investigation of anomolous development. All Batch 6 seedlings (which were
pre-emergent at 48 hrs) developed a uniform curvature of arodndld®ther batches, seedlings that were
shorter than normal were most likely to undergo similar magnitude curvatures, while taller coleoptiles were
unaffected. To quantify this data, we measured the height of all seedlings at the time of transfer to Og, and
the angle relative to the cube vertical just before the photostimulus (after about 5 hours exposure to 0g).
These data are plotted as a scatter plot in Figure 8. The regression line through this scatter is statistically
significant at <0.001 probability level, and the regression accounts for some 35% of the observed data
variablity. The statistical analysis confirms that nastic response curvatures are seen in the flight data- the
observed curvatures are predominatly in a positive direction, rather than randomly oriented, and that the
degree of this nastic response is greatest in shorter coleoptiles.
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Figure 9: Examples of apparently spontaneous curvatures in wheat coleoptiles at 0g. The plants in
these examples were not subject to photostimulation.
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More occasionally we observed curvatures that had a more random nature, both in timing of the onset of
curvature, and in the direction of curvauture. In some cases, the time course graphs show abrupt cessation
of bending activity, followed late by either continued or reverse-direction curvature development. We
believe that these “spontaneous” curvatures are differnet from the nastic curvautres described above, since
the do not show a preferred diretion, undergo directional reversal, and do not appear to be triggered by the
transfer to zero g or by the photostimulus. Since these curvautures occurred infrequently, we can not come
to any useful conclusion as to their nature or causation, but do note that some examplees of apparently
spontaneous and randomly-directed movements did occur during the growth of wheat coleoptiles at 0Og and
that in some cases the curvautres attained signiicant magnitude. The examples given in Figure 9 are taken
frrom the Flight controls (zero duration photostimus) and therefore cannot be a result of photostimulus.
Similar examples of apparently random behavios are also seen in photostimulate coleoptiles, but in these
cases the phototropic responses are superimposed, leading to difficulties in interpretation of the data. The
plant shown in Figure 9A shows two, oppositely-directed spontaneous curvatures. The first, between 40 and
about 200 minutes afeter the transfer to the REST, is a negative curvauture of Sorfidal@ that this

curvature is in the opposite direction to the positive nastic responses described earlier.) After a periood of
littel activity of about 1 hour, strong positive curvature of d8curs. Some of the curvature changes seen

are probably due to circumnutation, but these seem to be superimposed on the spontaneous movements.
Figure 9B shows a particularly striking example of the sudden onset of a very strong curvature. The plant
is quiescent for some 4.5 hours, after which a pronounced positively directed curvature occurs. This leads
to a final curvautre in excess of 4Before the end of the data. The coleoptile of Figure 9C shows a rapid,
positive curvature that is apparent from the start of the data. After some 250 minutes of a more or less
constant rate of curnvature, the movement abruptly stops. A quiescent period of about 2 hours long is
followed by a strong reverse (negative) curvature that continues to the end of the record.
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Ancillary Data

a) Gas Sampling data

Table VII: Gas sample data from the GPPF plant cubes. The shaded data are from FOTRAN cudes.
GTHRES data (unshaded) are included for completeness.
Cube ID MET of Sample COMPONENT
0,% CO% CH, ppm
F1 1/01:51 21.6 0.2 0.02
F4 2/15:06 22.2 0.3 0.01
F6 1/13:54 19.9 0.2 0.01
F7 2/03:30 18.1 0.3 0.01
20 1/18:30 18.5 0.2 0.02
35 2/14:06 17.6 0.3 0.02
45 4/23:25 17.0 0.4 0.02

The crew took four gas samples for FOTRAN cubes at intervals throughout the mission. One sample was
removed from a randomly selected cube at the end of each of the first four experimental runs. Similar
samples were also removed from the GTHRES cubes. The gas samples, in sealed gas syringes were sent for
analysis immediately following recovery of the module stowage (R=24hrs). Analyses were carried out on
February 4th 1992 for Ethene (Ethylene), oxygen and carbon dioxide. Table VII provides a summary of

the data derived from all the GPPF gas samples. None of the levels found were outside the expected range,
being similar to values found in cubes in previous ground studies. The levels are within acceptable
physiological limits for the FOTRAN experiment.

During the mission a number of environmental measurements were made of relevance to the FOTRAN
experiment. These included the “housekeeping” data produced by the GPPF equipment, and other more
general data, such as spacelab environmental temperatures etc. These were downlinked and recorded,
together with many other Spacelab and Shuttle data, on mission computers. We also gathered data from the
ATR (Automatic Temperature Recorder) that was packed with the cubes in the PCOC to record Middeck
temperatures within the PCOC during ascent. For a 5 hour period during the mission the ATR was taken
from the PCOC and placed in the REST unit (vacant at the time) to provide an independent confirmation of
GPPF temperatures. The data collected by the ATR unit was decoded and is provided as Figure 10. The
reliability of the temperature data was derived from the GPPF housekeeping data was investigated at length
in the Post-flight test of GPPF (reported elsewhere). There remains some uncertainty regarding the actual
temperatures within GPPF during the flight. The calibration of the GPPF sensors was found to be slightly
inaccurate during the post flight tests. These errors, together with an uncertainty regarding the temperature
environment within the GPPF Control Unit (which could have influenced the accuracy of the sensor readout
system), contribute to an overall temperature level uncertainty. The post flight test allowed us to define
outside limits for the possible temperature levels actually prevailing within each GPPF unit throughout the
mission. These are presented in Figure 11 as a pair of lines for each GPPF unit, representing the upper and
lower limit of the true temperature. The shaded range is the desired GPPF control set pre-mission.
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Figure 10: Temperature level data from the PCOC interior in the middeck lockers and within the

GPPF REST unit (shaded portion) during the IML-1 mission.
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Figure 11: GPPF unit temperatures during the IML-1 mission. The temperature levels are shown as
worst case upper and lower limits for the actual unit temperatures based on uncertainties
over prevailing avionics temperature.
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D. Conclusions

As described in the introduction, a number of pre-flight objectives and working hypotheses were established
before the mission. Success of the flight experiment can therefore be gauged by our ability to meet the
objectives set before the flight, and the extent to which the stated hypotheses can be statistically tested with
the data obtained from the experiment. The primary objective of the FOTRAN experiment was stated as:
“determine the time course of plant seedlings curvature induced by a phototropic stimulation in a
microgravity environment”. The data returned from the IML-1 flight clearly met this requirement.
Responses by individual plants to all normally effective photostimuli were seen and measured from the data
and are shown to be statistically different from plants which received no photostimulation in flight.

Although the loss of an extensive part of the video recorded data from Batch 1 was disappointing, sufficient
information was available from downlinked images to obtain some useful measures of response from Batch
1 plants. Moreover, the addition of Batch 6 following the mission extension compensated for the earlier
loss. Sufficient data were obtained from individual plants to enable statistical assessments of mean response
to the various photostimulations to be made and for comparisons to be made between treatments. The
experiment can therefore be judged a success on the basis that it achieved the originally defined
experimental objective.

The experiment was also designed to allow the testing of 4 “null” hypotheses. In our analyses to date we
have been able to provide definitive or partial answers to 3 of these four tests of hypothesis, and the data
appears suitable to make the forth test, on which analytical work is still in progress. A summary of the
progress on the flour pre-flight hypotheses follows.

Hypothesis a): Seedling curvature (following a photostimulus) proceeds at the same rate and in the same
direction in microgravity as in unit gravity.

The curvatures observed in the wheat seedlings in flight clearly follow the same positive direction (towards
the light source) as seen in all ground studies. Precise measurements of individual curvature rates have not
been made, but the data will allow this assessment to be made in future analyses. Measurements of the
seedling response at 100 minutes after the stimulus have been made, and are clearly related to the rate of
curvature during this period. On the basis of the 100 minute parameter we find that for the majority of the
phototropic stimulus durations used, that there is no significant difference between the curvatures
developing under microgravity and those on the ground. This is however not the case for the 6 and 9
second stimuli. In these cases the response in space is greater that the ground control at a statistically
significant level. This would imply that, for these stimulus durations only, the dypehesis is not

confirmed by the data from the FOTRAN experiment. At all other stimulus durations the hypothesis is not
guestioned.

Hypothesis b) The extent of seedling curvature is the same in microgravity as in unit gravity.

The final analysis of this question, which relates to the maximum curvature achieved, and the duration of

the response phase, has not been completed. The data appear to be such that it will be possible to reach a
conclusion question, despite the interactions between the phototropic response and other movement patterns
seen in the seedlings in space.

Hypothesis c¢): The seedling curvature does not exhibit reversal (autotropism), or lead to oscillations
(circumnutation).

In both cases (autotropism and circumnutation) the flight data show that this hypothesis is not valid. While
not all seedlings exhibit either behavior, a sufficient number of examples are present to state unequivocally
thatautotropic reversal of curvature can occur in the absence of effective gravitational force.

Circumnutation was present in nearly half of the seedling in flight. This is a reduction from the 90%
proportion seen during ground studies. However, it is apparenhthabsence of gravity does not

preclude expression of the rhythm in wheat seedlind®hythmicities were also observed in those batches of
seedlings that were not photostimulated. Examples of both phase shifting behavior in existing rhythms and
initiation of circumnutation by the phototropic stimulations are seen in the data (see section 3.3). Thus,
although the effects are shown by relatively few individual plants, it can be statgxhdiatropic

stimulations can initiate rhythmicity, or modify, by phase shift, existing circumnutation in wheat

coleoptiles at 0g.
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Hypothesis d) The phototropic dose-response relationship is the same in microgravity as in unit gravity.

The evidence presented in section 3.2 on the dose response curve of wheat phototropism show that for the
majority of stimulus durations the mean response seen in zero g conditions is not statistically different from
the mean response found in 1 g controls. For two stimulus durations - 6 and 9 seconds - the differences
between the flight and ground data are statistically significant. In both cases the response is a larger angle
in zero g. This same trend is seen in the 3 second treatment means, although the data so not reach a
statistical level sufficient to conclude that the differences were not due to chance sampling leeror.

hypothesis tested fails to be confirmé@dthis case, since the 0g and 1g dose response curves are found to

be different over the range between 6 and 9 seconds stimulus durations. While the data could be taken to
be indicative of a shift in the phototropic System | responses toward higher doses at 0g, there were
insufficient experimental data points available to substantiate this as a real effect.

It is very clear that the large increase in response magnitude reported previously from clinostat stimulation
experiments were not repeated in true microgravity. This was rather surprising, since an enhancement of
the phototropic curvature could be expected theoretically, due to the absence of gravitropic counter-
reactions in microgravity. Only the 6 and 9 second stimuli in flight produced greater responses
(approximately %) than the 1 g controls, but this was not as great as theritfancement produced on the
clinostat. No significant enhancement was shown at 3 second duration in flight, compared to the massive
25° increase for this stimulus on the clinostahus the clinostat clearly failed to simulate the effects on
phototropic response patterns that were produced during the exposure to true orbital microgravity
conditions

In addition to achieving the pre-flight objective of the experiment, and providing tests for a number of pre-
flight hypotheses, the FOTRAN experiment also provided evidence of several unexpected or novel
phenomenon orbital laboratory.

The precocious development phenomenamas not predicted pre-flight. Measurements of the plants from

the flight data tapes clearly demonstrate that the effect was due to an earlier emergence of the coleoptile
from the seed, rather than an effect on the elongation growth of the coleoptiles. Our post-flight tests on the
temperature control and monitoring system of the GPPF flight hardware failed to provide any evidence that
would suggest that the temperatures inside the GPPF units were sufficient to explain the observed effects.
The effect is real, it was unexpected, its physiological mechanism is not understood, and it may be of
significance for future planning of spaceflight experiments using germinating plants. At this stage we can
not predict how common the effect will prove to be -certainly we know of no other reports of enhancement
of germination for space flight experiments. The effect was not confined to the wheat plants, but also
effected the oat seedlings used in the GTHRES experiment.

The development of strong nastic curvaturédlowing the transfer of young coleoptiles to microgravity

was also unexpected. With hindsight, it could be related to similar phenomena reported from previous
clinostat studies,. These effects had largely been considered as clinostat artifacts. From the FOTRAN flight
data we were able to confirm statistically that nastic curvatures developed most strongly in coleoptiles that
were short (physically young) when transferred to microgravity conditions. Coleoptiles raised at 1g (on the
rotors) until they reached about 15 mm long did not seem to be effected by the nastic response. This may
be of significance for future experiments (or crop production projects) using cereal plants grown from seed
in space. In the absence of gravitational force during germination and early growth, cereals may develop
similar nastic curvatures which might lead to the development of inefficient photosynthetic canopies, for
example. Although it may be the case that phototropically-directed growth will be produced in light-grown
seedlings, there is no direct evidence from space flight experiments that support this possibility. Even if
such phototropic counter-measures are not used, it would be possible to orient the seed axis during planting
to produce a mature seedling of a desired orientation relative to the soil surface. However, the correct
orientation for the seed of a particular cereal species would need to be determined by space experiment,
since the magnitude and direction of the nastic curvature (at least on the clinostat) is species-specific.

Apparently spontaneous and randomly-directed curvatuvesre observed in a relatively small number of
seedlings. Although not common, these movements are of theoretical interest. Then movements, described
earlier in section 3.5, seem to stop and start without apparent triggering from external cues. Certainly the
movements do not effect all seedlings within a batch of cube, and no case was observed in which several
seedlings showed synchronization of the onset or cessation of these movements, which might be indicative
of an outside cue. We know of no reports of similar effects in the literature on plants grown in

microgravity.
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To summarize: The IML-1 FOTRAN experiment can be considered successful in achieving its primary
objective; in permitting ht e testing of pre-defined hypotheses; and in revealing unexpected phenomena
effecting plant growth under space flight conditions. As is the case with most scientific investigations, new
guestions are raised; these suggest further testing possibilities, both on the ground and in orbital studies.

E. Status of Data Analysis - Further Research Plans

In the period following the submission of this final report we will continue to refine the analysis of the

IML-1 flight data and ground controls. This will include performing additional analyses of phototropic
response using different parameters, such as maximum response, curvature rates, etc. Measurement of
response lag time, maximum curvature rates and timing, maximum overall response time, etc., will be
obtained from the reduced data files, and used to investigate the possibility of different phototropic
response characteristics between the flight and ground controls. We also plan to investigate the feasibility of
modifying the method of data reduction using the Java image analysis software to separate the effects of
phototropic responses from nastic curvatures occurring in the same coleoptile.

We will continue with the preparation of papers reporting the results of the FOTRAN experiment. Papers
will be submitted to recognized and appropriate scientific journals. Materials will also be prepared for
presentation at the final IML-1 IWG meeting.

In the longer term we foresee the desirability of a number of follow up investigations as a direct result of

the data obtained from the FOTRAN experiment. The dose response curve data did not provide sufficient
data appoints to substantiate the impression that, under weightless conditions, the phototropic System | peak
response shifted to higher dose levels. The FOTRAN experiment provided a broad range of stimulus doses
to provide an overall picture of responses from Systems I, Il, and Ill. It would now be appropriate to obtain

a more detailed picture of the dose range over which the FOTRAN experiment found significant changes
between the flight and ground data. Such an experiment could be essentially a re-flight of the FOTRAN
experiment with changed stimulus schedules to cover the 3- 99 second range in greater detail.

The nastic responses found during the FOTRAN experiment were probably a cause of some of the
variability seen in the raw data. The fact that the seedling plane chosen for the phototropic response
coincided with the natural plane of the nastic movement contributed to problems of interpretation of the
responses. In any reflight we would seriously consider moving the plane of the prime experimental
response (phototropism) to one at right angles to the nastic response plane, thereby minimizing the
interactions of the two response systems. This would be simply accomplished by selecting a different seed
planting orientation.

Apart from their role as a interfering factor in the determination of phototropic and other response, the
nastic curvatures that developed in young seedlings are of interest in their own right. It could be of
importance to future space flight investigations and/or crop growth as mentioned above. It would be of
considerable interest to define more closely the conditions under which such nastic curvatures develop. Can
the curvatures be prevented by, for example, using a light source as a directional cue during early growth?
Relatively simple experimental equipment and protocol would provide the answers to such questions, but
access to true microgravity (in orbit) would be required to obtain unequivocal answers. Clinostat
experiments should provide preliminary information, but, as reinforced by the FOTRAN flight data, do not
provide a perfect simulation of true microgravity. A flight investigation of the nastic responses of cereal
seedlings and possible countermeasures could determine the importance of this phenomenon for future
orbital crop production facilities.

The precocious development observed in both wheat and oat seedlings during the IML-1 mission can not
be explained with the data available. Our apparent inability to predict the rate of seedling development in
space on the basis of extensive ground studies is a matter of some importance in considering the timeline
planning of future experiments. The factor responsible for the rapid development are apparently related to
the environment within the GPPF and Spacelab environment. Microgravity and launch stresses can be ruled
out as causative factors. At present, we believe that this is the first report of a germination enhancement. It
would be important to know how widespread this type of effect might be. Can the effect be repeated for
other species? Is the effect linked to some peculiarity of the GPPF equipment, or does it occur in wheat and
oats in other situations during orbital flight? It would be of both practical and theoretical interest to

identify the factor(s) responsible, an endeavor which would, of necessity, include a flight investigation. The
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scope of a suitable flight experiment could vary from a relatively simple middeck investigation to more
ambitious projects suitable for either Spacelab or Space Station.

F. Investigation Applications

This experiment benefits all by allowing more knowledge of the response of plants to light. It has
applications in .........
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